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BANDWIDTH CONTROL IN A PACKET 
BASED DATA SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the control of bandwidth 
in a packet-based data system. 

2. Description of the Related Art FIG. 1 shoWs a sche 
matic block diagram of a conventional multipoint-to-point 
packet-based data system 100, such as those used for com 
puter netWorks and telecommunications systems, in Which a 
base station 102 communicates With a number of netWork 
nodes referred to here as netWork interface units (NIUs) 104. 
In the doWnstream direction, transmitter 106 of base station 
102 transmits packets of data to the NIUs 104. In the 
upstream direction, one or more of the NIUs 104 transmit 
packets of data to receiver 108 of base station 102. In one 
possible implementation, the data packets are interleaved in 
the upstream and doWnstream directions using a time divi 
sion multiple access (TDMA) scheme. The base station and 
the NIUs are the various nodes in the data system, With the 
base station controlling the bandWidth in the netWork (e.g., 
the allocation to the various NIUs of time slots for upstream 

transmissions). 
When used, for example, in a telecommunications 

application, each NIU 104 in data system 100 provides the 
interface to the data system for a telephone or other node in 
the netWork, and base station 102 may be a sWitch in a 
central office or other component that communicates With 
multiple NIUs. In such an application, each NIU 104 is 
capable of sending control messages to base station 102. 
Control messages are information exchanged betWeen NIUs 
and the base station that alloW the base station to properly 
monitor and maintain communication channels Within the 
allocated bandWidth of the communication system. The 
control messages may be embedded, for example, in the 
packets sent from the NIU to the base station in the upstream 
direction using the Well-known slotted ALOHA technique. 
When a phone call is to be terminated at a particular NIU 
104, the base station 102 assigns a particular channel for that 
NIU to use for its upstream communications. HoWever, 
When a particular NIU Wants to initiate a phone call, it must 
send an upstream control message to the base station 
requesting bandWidth for the phone call. Since the NIU does 
not have a particular channel already assigned, it may 
arbitrarily or randomly select a channel for its bandWidth 
request message. This upstream message may collide With 
one or more other upstream messages being sent to the base 
station from one or more other NIUs in the same channel, 
leading to corrupted messages Which the base station cannot 
accurately process. 

According to the slotted ALOHA technique, a collision/ 
back-off algorithm is folloWed When tWo or more NIUs 
attempt to send such control messages at the same time to 
ensure successful NIU-to-base-unit message communica 
tions. One conventional collision/back-off algorithm calls 
for each competing NIU to retransmit its bandWidth request 
after delaying for a random period of time. Unfortunately, 
When many NIUs attempt to send control messages at the 
same time, the resulting collisions, retries, and further col 
lisions may effectively block almost all upstream message 
transmission. This is undesirable, since such an overload 
condition could in theory happen during exceptionally high 
call volumes, Which Would limit the ability of the system to 
allocate bandWidth to the NIUs (e.g., providing dial tone to 
neW calls for telephony systems). 
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2 
SUMMARY OF THE INVENTION 

The present invention is directed to a back-off strategy 
that addresses the problems that can arise from message 
collisions in heavily populated packet-based data systems. 

According to one embodiment, the present invention is a 
method of controlling bandWidth in a packet-based data 
system comprising a base station and a plurality of netWork 
interface units (NIUs). The base station transmits special 
data to the NIUs, Wherein the NIUs are organiZed into tWo 
or more groups and the special data identify Which groups of 
NIUs are authoriZed to transmit upstream messages to the 
base station. Only authoriZed NIUs transmit upstream mes 
sages to the base station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other aspects, features, and advantages of the present 
invention Will become more fully apparent from the folloW 
ing detailed description, the appended claims, and the 
accompanying draWings in Which: 

FIG. 1 shoWs a schematic block diagram of a conven 
tional packet-based data system; 

FIG. 2 presents a pictorial representation of hoW tWo-bit 
group Words can be used to identify four different NIU 
groups; 

FIG. 3 shoWs the status of the four NIU groups When all 
bits in the code Words are set; 

FIGS. 4(A)—(B) shoWs a 1“ Back-Off Level for tWo-bit 
code Words; 

FIGS. 5(A)—(D) shoWs a 2nd Back-Off Level for tWo-bit 
code Words; 

FIG. 6 presents a pictorial representation of hoW four-bit 
group Words can be used to identify sixteen different NIU 
groups; 

FIGS. 7(A)—(D) shoWs a 1“ Back-Off Level for four-bit 
code Words; 

FIGS. 8(A)—(D) shoWs a 2nd Back-Off Level for four-bit 
code Words; 

FIGS. 9(A)—(B) shoWs a 3rd Back-Off Level for four-bit 
code Words; and 

FIGS. 10(A)—(B) shoWs an alternative 1“ Back-Off Level 
for four-bit code Words. 

DETAILED DESCRIPTION 

The present invention is directed to a scheme for control 
ling bandWidth in a packet-based data system, such as data 
system 100 of FIG. 1. In data system 100, a speci?ed frame 
structure is used to organiZe data for transmission in the 
doWnstream direction from the base station 102 to the 
various NIUs 104. According to the invention, the netWork 
interface units (e.g., NIUs 104 of FIG. 1) are organiZed into 
tWo or more groups and the base station (e.g., 102 in FIG. 
1) transmits special data contained Within the doWnstream 
frames to the NIUs that identify Which groups of NIUs are 
authoriZed to transmit upstream messages to the base sta 
tion. In one embodiment, the special data are broadcast to all 
of the NIUs. The NIUs monitor the special data in the 
doWnstream frames to determine Whether they are so autho 
riZed. In general, the data system may be any suitable type 
of communications netWork, such as a local area netWork for 
computers or a telecommunications netWork. In the case of 
a telecommunications netWork, the upstream messages 
transmitted to the base station may be requests from the 
NIUs for bandWidth to set up phone calls. 

In one embodiment of the present invention, each group 
of NIUs is identi?ed by the bits contained in tWo group 
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Words: a horizontal group Word and a vertical group Word. 
For example, in one possible implementation, the horizontal 
and vertical group Words are both 2-bit Words that uniquely 
identify four different groups of NIUs, as de?ned in Table I. 
Each NIU is assigned a horizontal group Word and a vertical 
group Word that identi?es to Which group it belongs. In 
general, the horizontal and vertical group Words can be any 
n-bit and m-bit Words, respectively, With only one bit set 
(=1) in each group Word. 

TABLE I 

GROUPS DEFINED BY TWO 2—BIT GROUP WORDS 

HORIZONTAL GROUP 
GROUP WORD VERTICAL GROUP WORD 

1 (10) (10) 
2 (01) (10) 
3 (10) (01) 
4 (01) (01) 

FIG. 2 presents a pictorial representation of hoW the 
tWo-bit group Words of Table I identify the four different 
NIU groups. For eXample, if Bit 1 of the horizontal group 
Word is set and Bit 1 of the vertical group Word is set, then 
the NIU belongs to Group 1. Similarly, if Bit 2 of the 
horizontal group Word is set and Bit 1 of the vertical group 
Word is set, then the NIU belongs to Group 2, and so forth 
for Groups 3 and 4. 

The special data sent from the base station to the NIUs 
contain tWo code Words (i.e., a 2-bit horizontal code Word 
and a 2-bit vertical code Word) that correspond to the 
horizontal and vertical group Words assigned to each NIU. 
The horizontal and vertical code Words contained in the 
special data de?ne a tWo-dimensional (2D) pattern that 
identi?es Which groups of NIUs are currently authorized to 
transmit upstream messages to the base station. Each NIU 
compares its assigned group Words to the contents in the 
doWnstream code Words to determine Whether it is currently 
authorized to transmit upstream messages to the base sta 
tion. In one possible implementation (called Implementation 
Rule #1), an NIU is said to be so authorized only if both of 
the bits in the horizontal and vertical doWnstream code 
Words corresponding to the bits that are set in the NIU’s 
horizontal and vertical group Words are set. In another 
possible implementation (called Implementation Rule #2), 
an NIU is said to be so authorized if either of the bits in the 
horizontal and vertical doWnstream code Words correspond 
ing to the bits that are set in the NIIJ’s horizontal and vertical 
group Words is set. These different implementations are 
described in further detail beloW. 
Implementation Rule #1 With 2-Bit Words 

According to the present invention, When there are rela 
tively feW collisions betWeen upstream messages (i.e., When 
tWo or more NIUs rarely attempt to send upstream messages 
Within the same time slot), all of the groups of NIUs can be 
authorized to transmit upstream messages as needed. In this 
case, both the horizontal and vertical 2-bit code Words 
contained Within the doWnstream frames Will have all of 
their bits set and the corresponding 2D pattern is shoWn in 
FIG. 3. As such, each and every NIU Will compare its 
assigned group Words to the corresponding code Words in 
the doWnstream frames to determine Whether it is authorized 
to transmit upstream messages. 

In one embodiment, the base station keeps track of a 
running average of the number of collisions detected, Which 
provides an indication of upstream overload. As traf?c 
increases and more and more message collisions occur, the 
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4 
base station can change the bits in the doWnstream code 
Words to authorize only a subset of the groups of NIUs to 
transmit upstream messages. By cyclically changing the 
contents of the doWnstream code Words, the base station 
ensures that each group of NIUs is authorized to transmit 
upstream messages at least some of the time and that, at any 
given time, roughly the same number of NIUs are so 
authorized. 

FIGS. 4(A)—(B) shoW horizontal and vertical doWnstream 
code Words that de?ne tWo 2D patterns in Which each pattern 
identi?es a different set of tWo groups of NIUs as being 
authorized to transmit upstream messages. For eXample, in 
FIG. 4(A), Groups 1 and 3 are so authorized (i.e., “ON”), 
because the horizontal and vertical bits associated With those 
tWo groups are both set, While Groups 2 and 4 are not 
authorized (i.e., “OFF”), because the horizontal and vertical 
bits associated With those tWo groups are not both set (in this 
case, only the vertical bit is set). By periodically cycling 
through the tWo 2D patterns (i.e., sending doWnstream code 
Words that alternate betWeen the tWo patterns), the base 
station ensures that all of the NIUs receive opportunities to 
transmit upstream messages, While at the same time reduc 
ing the rate of message collisions by restricting the number 
of NIUs that are authorized at any given time to transmit 
upstream messages. 

If the rate of message collisions is still too large, the base 
station 102 can back off further by further reducing the 
number of groups of NIUs that are authorized to transmit 
upstream messages. FIGS. 5(A)—(D) shoW doWnstream code 
Words that de?ne four 2D patterns in Which each pattern 
identi?es a different single group of NIUs as being autho 
rized to transmit upstream messages. By periodically 
cycling through these four 2D patterns, a further decrease in 
the rate of upstream transmission is achieved, reducing and 
possibly alleviating the problems of having too many mes 
sage collisions. 
Implementation Rule #1 With 4-Bit Words 

In the eXample of Table I and FIGS. 2—5, the 2D patterns 
are (2><2) patterns de?ned by tWo 2-bit Words (i.e., either 
assigned group Words or doWnstream code Words). In other 
implementations, the patterns may be de?ned by group and 
code Words having other sizes. For eXample, in the case of 
tWo 4-bit group Words, 16 different groups of NIUs are 
possible, as shoWn in FIG. 6. 

The greater the number of bits in the group and code 
Words, the greater the number of levels that Will be available 
in a back-off scheme. For eXample, for the 16 different 
groups of NIUs shoWn in FIG. 6, a back-off scheme can be 
devised to de?ne the folloWing eight different back-off 
levels: 

1st Back-Off Level: 12 of the 16 different groups of NIUs are authorized 
to transmit upstream messages (i.e., “ON”) at 
each phase of a four-pattern cycle, as shoWn in 
FIGS. 7(A)—(D). 
9 of the 16 different groups of NIUs are ON at each 
phase of a four-pattern cycle, as shoWn in 
FIGS. 8(A)—(D). 
8 of the 16 different groups of NIUs are ON at each 
phase of a two-pattern cycle, as shoWn in 
FIGS. 9(A)—(B). 
6 of the 16 different groups of NIUs are ON at each 
phase of an eight-pattern cycle, as represented 
in Table II. 
4 of the 16 different groups of NIUs are ON at each 
phase of a four-pattern cycle, as represented 
in Table III. 

2nd Back-Off Level: 

3rd Back-Off Level: 

4th Back-Off Level: 

5th Back-Off Level: 
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-continued 

6th Back-Off Level: 3 of the 16 different groups of NIUs are ON at each 
phase of a sixteen-pattern cycle, as represented 
in Table IV. 
2 of the 16 different groups of NIUs are ON at each 
phase of an eight-pattern cycle, as represented 
in Table V. 
1 of the 16 different groups of NIUs are ON at each 
phase of a sixteen-pattern cycle, as represented 
in Table VI. 

7th Back-Off Level: 

8th Back-Off Level: 

TABLE II 

FOURTH BACK-OFF LEVEL (6 GROUPS AT EACH PHASE) 

HORIZONTAL CODE 
PATTERN WORD VERTICAL cODE WORD 

1 (1100) (1110) 
2 (0011) (1110) 
3 (1100) (1101) 
4 (0011) (1101) 
5 (1100) (1011) 
6 (0011) (1011) 
7 (1100) (0111) 
s (0011) (0111) 

TABLE III 

FIFTH BACK-OFF LEVEL (4 GROUPS AT EACH PHASE) 

HORIZONTAL CODE 
PATTERN WORD VERTICAL cODE WORD 

1 (0001) (1111) 
2 (0010) (1111) 
3 (0100) (1111) 
4 (1000) (1111) 

TABLE IV 

SIXTH BACK-OFF LEVEL (3 GROUPS AT EACH PHASE) 

HORIZONTAL CODE 
PATTERN WORD VERTICAL cODE WORD 

1 (1000) (1110) 
2 (0100) (1110) 
3 (0010) (1110) 
4 (0001) (1110) 
5 (1000) (1101) 
6 (0100) (1101) 
7 (0010) (1101) 
s (0001) (1101) 
9 (1000) (1011) 
10 (0100) (1011) 
11 (0010) (1011) 
12 (0001) (1011) 
13 (1000) (0111) 
14 (0100) (0111) 
15 (0010) (0111) 
16 (0001) (0111) 

TABLE V 

SEVEN'IH BACK-OFF LEVEL (2 GROUPS AT EACH PHASE) 

HORIZONTAL CODE 
PATTERN WORD VERTICAL cODE WORD 

1 (1000) (1100) 
2 (0100) (1100) 
3 (0010) (1100) 
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TABLE V-continued 

SEVEN'IH BACK-OFF LEVEL (2 GROUPS AT EACH PHASE) 

HORIZONTAL CODE 
PATTERN WORD VERTICAL cODE WORD 

4 (0001) (1100) 
5 (1000) (0011) 
6 (0100) (0011) 
7 (0010) (0011) 
s (0001) (0011) 

TABLE VI 

EIGHTH BACK-OFF LEVEL (1 GROUP AT EACH PHASE) 

HORIZONTAL CODE 
PATTERN WORD VERTICAL cODE WORD 

1 (1000) (1000) 
2 (0100) (1000) 
3 (0010) (1000) 
4 (0001) (1000) 
5 (1000) (0100) 
6 (0100) (0100) 
7 (0010) (0100) 
s (0001) (0100) 
9 (1000) (0010) 
10 (0100) (0010) 
11 (0010) (0010) 
12 (0001) (0010) 
13 (1000) (0001) 
14 (0100) (0001) 
15 (0010) (0001) 
16 (0001) (0001) 

Each of these eight different back-off levels are designed 
to ensure that all of the different groups of NIUs are 
authorized to transmit upstream messages for an equal 
amount of time. In alternative schemes, such equality may 
not be necessary. For example, the two-pattern cycle shown 
in FIGS. 10(A)—(B) and represented in Table VII could be 
used for the ?rst back-off level, instead of the four-pattern 
cycle of FIGS. 7(A)—(D). In this back-off level, only 12 of 
the 16 groups are authorized at any one time, as was the case 
the four-pattern cycle of FIGS. 7(A)—(D). However, under 
the two-pattern cycle of FIGS. 10(A)—(B), Groups 1—8 are 
always ON, while Groups 9—12 and Groups 13—16 alternate 
between ON and OFF between the two patterns. As such, the 
desired decrease in the rate of transmission is achieved, even 
though not all groups of NIUs are ON for the same amount 
of time. 

TABLE VII 

ALTERNATIVE FIRST BACK-OFF LEVEL 

HORIZONTAL CODE 
PATTERN WORD VERTICAL cODE WORD 

1 (1111) (1110) 
2 (1111) (1101) 

The sequences of patterns in the back-off levels may be 
selected to minimize the maximum time span during which 
any one NIU is not authorized to transmit upstream mes 
sages. When, for example, a particular group of NIUs is OFF 
in one pattern in the cycle for a particular back-off level, the 
next pattern in the cycle may be designed, if possible, such 
that that particular group of NIUs is ON. In alternative 
schemes within the scope of the present invention, this need 
not be the case. 
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Implementation Rule #2 With 4-Bit Words 
In the above implementations, an NIU is authorized to 

transmit upstream messages if both of the bits in the tWo 
doWnstream code Words corresponding to the bits in the 
group Words assigned to the NIU are set (Implementation 
Rule #1). As shoWn in FIGS. 7—9 and Tables II—VI, Imple 
mentation Rule #1 provides a back-off scheme for 4-bit code 
Words in Which the eight back-off levels contain 12, 9, 8, 6, 
4, 3, 2, and 1 groups of NIUs (out of 16 total) that are ON 
at each phase of the corresponding back-off level, respec 
tively. 

In an alternative implementation (i.e., Implementation 
Rule #2), an NIU is said to be authoriZed to transmit 
upstream messages if either of the bits in the tWo doWn 
stream code Words corresponding to the bits in the group 
Words assigned to the NIU is set. This alternative imple 
mentation provides a back-off scheme in Which the eight 
back-off levels contain 15, 14, 13, 12, 10, 8, 7, and 4 groups 
of NIUs (out of 16 total) that are ON at each phase of the 
corresponding back-off level, respectively. 

In general, Implementation Rule #2 can be used instead of 
Implementation Rule #1 When it is desirable to have ?ner 
control over the decrease in the rate of upstream transmis 
sion betWeen the initial back-off levels, rather than betWeen 
the ?nal back-off levels as is the case With Implementation 
Rule #1. In a further alternative embodiment, a hybrid 
implementation rule may be used in Which an additional bit 
is sent by the base station to the NIUs in the special data 
contained Within the doWnstream frames to indicate Whether 
Implementation Rule #1 or Implementation Rule #2 is to be 
applied. In such a hybrid implementation, for 4-bit code 
Words, a back-off scheme can be designed to have 13 
back-off levels containing 15, 14, 13, 12, 10, 9, 8, 7, 6, 4, 3, 
2, 1 groups of NIUs that are ON at each phase of the 
corresponding back-off level, respectively. This hybrid 
implementation provides optimal rate control over the entire 
range of back-off levels, at the cost of an additional bit in the 
doWnstream frames. 

In general, any of the various versions of the present 
invention can be implemented in conjunction With conven 
tional back-off strategies such as those typically employed 
for the slotted ALOHA technique. When individual colli 
sions do occur, as they inevitably Will, they may be handled 
in the conventional manner. The present invention provides 
a scheme for reacting to large numbers of such collisions in 
a manner that reduces the number of collisions Without 
drastically inhibiting the communications betWeen the base 
station and any and all NIUs. 

Although the present invention has been described in the 
conteXt of tWo-dimensional patterns based on horiZontal and 
vertical group and code Words, in general, the present 
invention can be implemented using one-dimensional pat 
terns based on a single group Word and a single code Word, 
as Well as multi-dimensional patterns (e.g., 3D or higher) 
based on three or more group and code Words. 

If one or more NIUs in the system alWays need to be 
authoriZed to transmit upstream messages, then those special 
NIUs can be assigned group Words in Which all of the bits 
are set. 

At startup, each NIU randomly selects one of the different 
groups. When an NIU is added to the netWork, the base 
station assigns the NIU to a group. 
As described above, the back-off schemes of the present 

invention may be applied When the rate of message colli 
sions becomes too great. The back-off schemes of the 
present invention can also be applied in other situations, 
such as When the base station is too busy to handle more 

10 

15 

25 

35 

45 

65 

8 
upstream messages, thus controlling upstream traffic at the 
source before it even becomes a message link capacity 
problem. 

In some telecommunications systems, the NIUs 104 
shoWn in FIG. 1 correspond to a single channel group, and 
the base station 102 communicates With one or more addi 
tional channel groups of NIUs in addition to the channel 
group of FIG. 1. In such a system, each channel group of 
NIUs may be treated independently for purposes of band 
Width control With a unique pair of doWnstream code Words 
for each channel group. 

It Will be further understood that various changes in the 
details, materials, and arrangements of the parts Which have 
been described and illustrated in order to explain the nature 
of this invention may be made by those skilled in the art 
Without departing from the principle and scope of the 
invention as expressed in the folloWing claims. 
What is claimed is: 
1. A method of controlling bandWidth in a packet-based 

data system comprising a base station and a plurality of 
netWork interface units (NIUs), comprising the steps of: 

(a) transmitting special data from the base station to the 
NIUs, Wherein the NIUs are organiZed into tWo or more 
groups and the special data identify Which groups of 
NIUs are authoriZed to transmit upstream messages to 
the base station; and 

(b) transmitting upstream messages to the base station 
from only authoriZed NIUs, Wherein: 

each NIU is assigned tWo or more group Words identify 
ing its group; 

the special data contain authoriZation information identi 
fying Which groups of NIUs are authoriZed to transmit 
upstream messages to the base station; 

the authoriZation information is contained in tWo or more 
code Words corresponding to a multi-dimensional 
pattern, Where each code Word corresponds to a differ 
ent dimension of the multi-dimensional pattern; and 

each set of group Words assigned to an NIU corresponds 
to a single location in the multi-dimensional pattern 
such that if the location in the multi-dimensional pat 
tern corresponding to a particular group is set, then 
NIUs assigned to the particular group are authoriZed to 
transmit upstream messages to the base station. 

2. The invention of claim 1, Wherein the special data 
authoriZe different groups of NIUs to transmit upstream 
messages at different times. 

3. The invention of claim 2, Wherein the special data 
cyclically authoriZe different groups of NIUs to transmit 
upstream messages. 

4. The invention of claim 1, Wherein: 
the authoriZation information is contained in a horiZontal 

code Word and a vertical code Word corresponding to a 
tWo-dimensional (2D) pattern; 

each set of one or more group Words assigned to an NIU 
comprises a horiZontal group Word and a vertical group 
Word; and 

each pair of horiZontal and vertical group Words corre 
sponds to a single location in the 2D pattern such that, 
if the location in the 2D pattern corresponding to a 
particular group is set, then NIUs assigned to the 
particular group are authoriZed to transmit upstream 
messages to the base station. 

5. The invention of claim 4, Wherein the special data 
contain different horiZontal and vertical code Words to de?ne 
different 2D patterns at different times. 

6. The invention of claim 5, Wherein the special data 
cyclically repeat a series of different 2D patterns. 
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7. The invention of claim 1, wherein the data system is a 
telecommunications system and each upstream message is a 
request from an NIU for bandwidth to set up a phone call. 

8. A base station for a packet-based data system further 
comprising a plurality of netWork interface units (NIUs), 
Wherein: 

the base station is con?gured to transmit special data to 
the NIUs, Wherein the NIUs are organiZed into tWo or 
more groups and the special data identify Which groups 
of NIUs are authoriZed to transmit upstream messages 
to the base station; 

only authoriZed NIUs are con?gured to transmit upstream 
messages to the base station; 

each NIU is assigned tWo or more group Words identify 
ing its group: 

the special data contain authoriZation information identi 
fying Which groups of NIUs are authoriZed to transmit 
upstream messages to the base station; 

the authoriZation information is contained in tWo or more 
code Words corresponding to a multi-dimensional 
pattern, Where each code Word corresponds to a differ 
ent dimension of the multi-dimensional pattern; and 

each set of group Words assigned to an NIU corresponds 
to a single location in the multi-dimensional pattern 
such that, if the location in the multi-dimensional 
pattern corresponding to a particular group is set, then 
NIUs assigned to the particular group are authoriZed to 
transmit upstream messages to the base station. 

9. The invention of claim 8, Wherein the special data 
authoriZe different groups of NIUs to transmit upstream 
messages at different times. 

10. The invention of claim 9, Wherein the special data 
cyclically authoriZe different groups of NIUs to transmit 
upstream messages. 

11. The invention of claim 8, Wherein: 
the authoriZation information is contained in a horiZontal 

code Word and a vertical code Word corresponding to a 
tWo-dimensional (2D) pattern; 

each set of one or more group Words assigned to an NIU 
comprises a horiZontal group Word and a vertical group 
Word; and 

each pair of horiZontal and vertical group Words corre 
sponds to a single location in the 2D pattern such that, 
if the location in the 2D pattern corresponding to a 
particular group is set, then NIUs assigned to the 
particular group are authoriZed to transmit upstream 
messages to the base station. 

12. The invention of claim 11, Wherein the special data 
contain different horiZontal and vertical code Words to de?ne 
different 2D patterns at different times. 

13. The invention of claim 12, Wherein the special data 
cyclically repeat a series of different 2D patterns. 

14. The invention of claim 8, Wherein the data system is 
a telecommunications system and each upstream message is 
a request from an NIU for bandWidth to set up a phone call. 
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15. AnetWork interface unit (NIU) for a packet-based data 

system, the packet-based data system further comprising a 
base station and one or more additional NIUs, Wherein: 

the base station is con?gured to transmit special data to 
the NIUs, Wherein the NIUs are organiZed into tWo or 
more groups and the special data identify Which groups 
of NIUs are authoriZed to transmit upstream messages 
to the base station; 

only authoriZed NIUs are con?gured to transmit upstream 
messages to the base station; 

each NIU is assigned tWo or more group Words identify 
ing its group; 

the special data contain authoriZation information identi 
fying Which groups of NIUs are authoriZed to transmit 
upstream messages to the base station; 

the authoriZation information is contained in tWo or more 
code Words corresponding to a multi-dimensional 
pattern, Where each code Word corresponds to a differ 
ent dimension of the multi-dimensional pattern; and 

each set of group Words assigned to an NIU corresponds 
to a single location in the multi-dimensional pattern 
such that, if the location in the multi-dimensional 
pattern corresponding to a particular group is set, then 
NIUs assigned to the particular group are authoriZed to 
transmit upstream messages to the base station. 

16. The invention of claim 15, Wherein the special data 
authoriZe different groups of NIUs to transmit upstream 
messages at different times. 

17. The invention of claim 16, Wherein the special data 
cyclically authoriZe different groups of NIUs to transmit 
upstream messages. 

18. The invention of claim 15, Wherein: 
the authoriZation information is contained in a horiZontal 

code Word and a vertical code Word corresponding to a 
tWo-dimensional (2D) pattern; 

each set of one or more group Words assigned to an NIU 
comprises a horiZontal group Word and a vertical group 
Word; and 

each pair of horiZontal and vertical group Words corre 
sponds to a single location in the 2D pattern such that, 
if the location in the 2D pattern corresponding to a 
particular group is set, then NIUs assigned to the 
particular group are authoriZed to transmit upstream 
messages to the base station. 

19. The invention of claim 18, Wherein the special data 
contain different horiZontal and vertical code Words to de?ne 
different 2D patterns at different times. 

20. The invention of claim 19, Wherein the special data 
cyclically repeat a series of different 2D patterns. 

21. The invention of claim 15, Wherein the data system is 
a telecommunications system and each upstream message is 
a request from an NIU for bandWidth to set up a phone call. 

* * * * * 


